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Ophthalmic Dose Compliance MonitorOphthalmic Dose Compliance Monitor
Arinne Lyman, Anita Zarebi, Becky Koszalinski, Michael Alexander
 Advisor: Walter F. Block, Client: Christopher Murphy DVM, PhD

A device was developed to record the date and time when an eye drop
medication has been administered.  The final design of the device features
an eye drop bottle with two chosen components to facilitate this
measurement.  First, an  ADXL202E dual-axis tilt sensor was implemented
to measure when the bottle was inverted past 90 degrees from the vertical.
Second, an AD22151 Magnetic Field Sensor was affixed to the cap to
measure when the cap was removed.  The assumption was made that when
both events took place, administration of the medication had occurred.
Both the tilt sensor and the magnetic field sensor were integrated into a
PIC16F688 microprocessor. A code was written in MikroBASIC to
program the microprocessor to recognize the state change for each sensor
and create a time stamp for that event.   The device was then tested over an
eight minute interval while checking for a state change every minute.  It
was found that the processor successfully recorded and stored when each
event took place.  A macro was written into an Excel spreadsheet to graph
the time of each positive application.

•Sterility must be maintained
•Sensors and circuitry located on periphery
•Small, lightweight, practically undetectable to patient
•Optimally disposable, <$5 per bottle to manufacture
•Upload information to computer
•Integrate with different sized bottles
•Quality control mechanism
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Future WorkFuture Work
Problem DefinitionProblem Definition

Statement:
Develop a dose compliance monitor that would record
(unknown to the patient) when (date and time) a topical
ophthalmic medication was delivered.

Motivation:
•Difficulty in measuring patient compliance
•Testing client’s hypothesis:

-Better treatment of pets than children
•Validate pharmaceutical research/effectiveness

Background:
•Medication monitor – Norell et al.
•Compliance monitor – Kass et al. Final Design: Progress and ResultsFinal Design: Progress and Results

•Kass MA, Meltzer DW, Gordon M. A Miniature Compliance Monitor for Eyedrop
Medication. Arch Ophthalmol. 1984. 102, 1550-1554.

•Norell SE, Granstrom PA, Wassen R. A medication monitor and fluorescein technique
designed to study medication behavior. Acta Ophthalmol. 1979. 58, 459-467.

•Yee RD, Hahn PM, Christensen RE. Medication monitor for ophthalmology.  Am J
Ophthalmol. 1974. 78, 774-778.

•Functions on a two-sensor input
•Magnetic field sensor (Analog Devices)
used to determine when the cap is on or off

- effective within .5 and 1 cm away
•Tilt sensor (Analog Devices) used to
measure orientation

-vertical up (90°) = 2.0951V
-horizontal (0°) = 2.4064 V
-vertical down (-90°) = 2.7285 V

•These inputs are integrated into and
interpreted by the microprocessor
•A program within the microprocessor
records the time at which a medication is
delivered
•Code stored on microprocessor converts
the inputs into time and date data
•Via a serial port connection, the data will
interface onto a computer

PIC16F688 Microcontroller
•The logistics handler of
the bottle
•Integrates oscillator,
sensors and memory
•Registers changes that
correspond to dose
administration and
records, stores event
•Programmed with
algorithm
•Contains A/D converter

main:
trisa = 1
Pir1.TMR1IF=0 PIE1 = 1
porta = 0
INTCON = $c0 'will jump to interrupt
procedure on wake up
cnt = 0
app = 0
memloc = 0
membit = 0
temp = 0
     do
        cnt = cnt + 1
         if cnt < (interval-1) then
           if app = 0 then
               checkapp(app)
           end if
         else cnt = 0
         writeto(app, memloc, membit)
      end if

Tactile Sensor

Dual-Axis Tilt Sensor Magnetic Field Sensor

•Detect force applied to
medicine bottle
•Resistance most
sensitive at tip
•Change in curvature of
bottle influences
resistance readings
•Test to determine
impact of liquid
•Liquid level influences
resistance readings

Liquid Impact on Resistance Tactile Test
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The “Liqu id Im pact on  Tactile  S ensor”  test was d esig n ed to d eterm ine if th e  am ou nt o f 

water in  the  m edicin e bo ttle had  a  sign ifican t im pact on  the  r esistan ce valu es m easu red 

by  the  tactile sen sor.  B ased o n th e sig nificant separatio n o f th e  tw o valu es and  

differ en ces in  stan dard error,  liqu id d oes hav e a  sig nificant im pact o n r esistance.  

 

•Small, 5x5x2 mm
•Low Power
•Operates at 3-5 V
•Oscillator detects
change in voltages due
to degree of tilt
•Test designed to
determine voltages at
various tilt angles
•Extremely accurate
readings

•Simple circuit
design to register
whether cap is on or
off
•Magnet attached to
cap, Hall Sensor to
bottle
•Test to determine
range at which
sensor registers
•Magnet connects
circuit when within
0.5 – 1 cm of sensor

Cost of MaterialsCost of Materials
Tilt Sensor $8.50
Magnetic Field Sensor $2.15
Microprocessor $4.00
Battery $4.99
Total Cost $19.64

After data analysis, it was determined that the most
functional design consists of a magnetic field sensor, tilt
sensor, and microprocessor combination
•Accomplishes data
acquisition with as few parts
as possible
•Minimum of two sensors
provides elimination of false
positives
•Tilt sensor selected

   -Generates measurable
differences in voltages

•Magnetic field sensor
selected

   -Connects/disconnects
circuit at measurable
distances

•Tactile Sensors rejected
   -Do not provide useful

readouts when the 
fluid level is below 
the sensor

•PIC16F688
Microprocessor selected

   -Processing power of 
normal PIC chips

   -256 bytes of eeprom 
memory—store 
timestamps to keep 
going for 1 month
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Dose Compliance Record Test
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•Further miniaturization, assembly, and final product testing
•Consider cost of professional manufacturing

-$50 Miniature circuit chip
-$25/hour Assembly and Testing fees

•Select a company to manufacture circuit, assemble, and
possibly test final product:

   -Company: Freedom CAD Services
Representative: Scott Miller Sales & Marketing
Contact Info: scottmiller@freedomcad.com

Phone: 603-834-1300, ext 1303
www.freedomcad.com

   -Company: Bemic Enterprises Inc
Representative: Adam DeCosta
Contact Info: adecosta@bemicenterprises.com

sales@bemicenterprises.com

T ilt S e n s o r T e s t
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T he  T il t  S e n so r  T e s t  w a s  d e s ig n e d  to  te s t  th e  s ig n ific a n t  se pa r a t ion  o f  r e a d in g s  f o r  

d if f e r e n t  t i l t  a n g le s  o f th e  bo t t le .   S ta n d a r d  e r r o r s  a r e  r e p r e se n te d  o n  th e  g r a p h ;  h o w e v e r ,  

th e y  d o  n o t  a p p e a r  b e c a u se  th e y  a r e  so  ne g lig ib le .  T h e r e  is  s ign ific a n t  e v id e n tia l  su p po r t  

o f a b so lu te  se p a r a t io n  b e tw e e n  r e a d in g s ,  b a se d  o n  m u lt ip le  s ta n da r d  e r r o r  d if f e r e nc e s .    

 

Magnetic Field Sensor Vicinity Test
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The magnetic field sensor test was designed to determine how far away the magnet would
set off the sensor.  Average distance away was 0.763 cm within a range of 0.5-1 cm.


